To determine the relationship between preoperative hypoalbuminemia and the development of complications after gynecological cancer surgery, as well as postoperative bowel function and hospital stay.
Introduction
The potential risk of postsurgical complications is especially important for gynecologic cancer patients. Any delay in installation of adjunctive chemotherapy or radiotherapy in a timely fashion affects outcomes negatively [1, 2] . There is evidence in colorectal cancer [2] and recently in ovarian cancer patients [3] that indicates a potentially negative effect of delay in adjuvant chemotherapy after surgery. In addition, post-operative complications add substantially to the cost of management in the post-operative setting [4] . Therefore, preoperative risk evaluation to recognize patients at a higher risk of postoperative morbidity and mortality are critical.
In the cancer patients, malnutrition may appear simultaneously with the disease and it may also adversely affect surgical outcomes [5, 6] . Serum albumin is a good and a simple variable correlated with patients' nutritional status [7] . It has been demonstrated that hypoalbuminemia was associated with adverse surgical outcomes in patients who are undergoing cardiac [8] and major gastrointestinal surgeries [9] [10] [11] . However, the effect of hypoalbuminemia on postoperative complications incidence after gynecological cancer surgery has not been fully quantified. Hence, this study is aimed to determine the relationship between pre-operative hypoalbuminemia and the occurrence of 30-day morbidity after gynecologic cancer surgery, as well as postoperative bowel function and hospital stay.
Materials and methods
Patients
The patients in this study were obtained from a computerized database of gynecologic cancer patients who were diagnosed and treated in Konkuk University Hospital between May 2005 and December 2013. All patients who had had their elective surgery in our institution were considered eligible to be included. Those referred to a re-staging procedure after initial surgery at an outside hospital were also included. Only patients with a confirmed final diagnosis of malignancy based on the International Classification of Diseases 10th revision, and final diagnosis codes were included in the analysis. The patients who did not check preoperative albumin levels, who did not receive follow-up cares in our institution, and/or who had operations for recurrent tumors were excluded. The study was validated by the institutional review board of the center (KUH1040040).
Variables
The clinicopathological and follow-up data were collected from the medical records. Preoperative variables for analysis were patients' age, parity, body mass index (BMI), consumption of alcohol >2 standard drinks per day, current smoking status, physical status according to the American Society of Anesthesiologist (ASA) classification system, comorbidity status, history of chemotherapy or radiotherapy prior to surgery, presence of ascites prior to surgery, preoperative lab findings including serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase, hematocrit, platelet count, prothrombin time, and activated partial thromboplastin time. Ascites were defined as the presence of ascites on two-thirds of the abdominopelvic computed tomography scan cuts (i.e., ascites on most cuts) [12] . Comorbidity was scored and categorised using a modification of the Charlson comorbidity index (Table 1 ) [13] . Postoperative variables for analysis were extent of surgical procedures, type of surgical approach, operative time, estimated blood loss (EBL), primary pathology, International Federation of Gynecology and Obstetrics (FIGO) stage, time to resumption of normal diet, and length of hospital stay. We assessed the extent of each surgery using surgical complexity score (SCS) [14] . Based on the number and complexity of the surgical procedures, patients were allotted to three groups: low, intermediate, or high ( Table 2) . Total operative time was recorded as the time from the first skin incision to the last skin closure. The EBL was recorded as the amount of blood in gauze and the amount of difference between suction bottled solution and saline irrigation used in surgery. The operative time and EBL were referred to anesthesia record drawn up by an anesthesiologist.
Statistical analysis
The patients were categorized into two groups (non-hypoalbuminemia vs. hypoalbuminemia) according to the level of pre-operative serum albumin. Serum albumin less than 3.5 g/ dL was defined as hypoalbuminemia. Our primary outcome was the development of 30-days postoperative complications. All intraoperative and postoperative complications within 30 days of operation were registered and categorized according to the previous reports ( 
Results

Patient characteristics
During the study period, 739 patients were newly diagnosed Jin Kim, et al. Albumin and postoperative morbidity with gynecologic cancer and treated in our institution. Out of these 739 patients, 558 of them had elective surgery. In total, 533 patients satisfied all of the inclusion criteria. The characteristics of the enrolled patients are summarized in Table 1 .
The median age was 49 years (range, 13 to 85 years). Four hundred fifty-three patients (85.0%) were noted to have a normal albumin level, whereas 80 (15.0%) showed hypoalbuminemia. The mean albumin value of the hypoalbuminemic group was 3.05 g/dL, and the mean value for the normal albumin group was 4.06 g/dL. The demographic parameters of the entire cohort are presented in Table 1 . There were no significant differences between the age, BMI, parity, proportion of patients smoking, history of neoadjuvant chemotherapy or radiotherapy, referral for restaging, primary pathology, and Charlson comorbidity index in two groups. However, the hypoalbuminemic group had a significantly higher proportion of alcohol intake, lower ASA score, higher frequency of ascites, and more advanced FIGO stage. Table 3 . The hysterectomy and/or salpingo-oophorectomy followed by pelvic/para-aortic/groin lymph node dissection were the most common procedures. One hundred twenty two (22.9%) patients had a laparoscopic procedure and 480 (86.8%) underwent surgery with low SCS. Two hundred four had cervical cancer, 134 had uterine corpus cancer, and 195 had ovarian cancer.
3. Surgical outcomes of non-hypoalbuminemic and hypoalbuminemic patients Thirty days postoperative complication was detected in 108 patients (20.3%). Postoperative morbidity was 0.6% (n=3). Further details regarding the overall complications are depicted in Table 4 . Infectious complications were diagnosed in 48 patients (9%); 31 surgical site infections, 6 sepsis, 5 anastomotic leakage, and 6 pneumonia. Hypoalbuminemic patients had a significantly higher rate of postoperative complication (34.3% vs. 17.8%, P=0.022).
Hypoalbuminemic group had significantly longer median time to resumption of normal diet (3.3 [1] [2] [3] [4] [5] [6] 
Discussion
In the present study, hypoalbuminemia is revealed as an independent risk factor for 30 days postoperative complications following gynecologic cancer surgery after adjusting for age, ASA score, type of surgical approach, SCS, operation time, and Values are presented as number (%). Jin Kim, et al. Albumin and postoperative morbidity EBL. Cancer patients are prone to malnutritional due to cancerinduced increased metabolic rate, decreased nutritional intake, and cancer cachexia [17] . There may also be an increased whole protein turnover and subsequent body nitrogen loss [16] . Tumor necrosis factor-alpha is considered to be the main mediator of cancer cachexia as it is responsible for altered metabolic rates and it leads to decreased hepatic protein synthesis [15] . Albumin has a long half-life of 20 days, so the metabolic effects on its concentration reflect prolonged malnourishment, as in cancer patients. Although serum albumin concentration may also be influenced by other factors such as trauma and surgical stress, it is generally accepted to be a good marker for malnutrition in previous national cancer studies [18, 19] . Hypoalbuminemia has been reported to be associated with greater risk of negative surgical outcome in non-gynecologic surgery [11, 18, 20, 21] . However, there is sparse literature addressing the effect of hypoalbuminemia on the risk of postoperative morbidity in patients who are undergoing gynecologic cancer surgery [16] . The National Veterans Affairs Surgical Risk Study, from 54,215 major general surgery cases examining 30-day morbidity and mortality, found that serum albumin level was the strongest predictor of morbidity and mortality [18] . Similarly, hypoalbuminemia was found to be the predictor of poor surgical outcomes of colon cancer and it was the poor indicator of long-term survival after curative resection in 2,529 patients [22] . In the retrospective study of 187 bladder cancer patients undergoing radical cystectomy by Lambert et al., they reported that patients with low preoperative albumin levels had an increased overall mortality and cancer-specific mortality risk than those with normal albumin levels [21] . Our finding is consistent with the recent study using national surgical quality improvement program (NSQIP), the large national database in the United States [16] . Uppal et al. [16] reported that preoperative albumin levels <3 g/dL identify a population of patients at a very high-risk of experiencing perioperative morbidity after gynecologic cancer surgery.
It is remarkable that BMI was not significantly different between non-hypoalbuminemic and hypoalbuminemic patients. Serum albumin level is a better indicator to detect proteinenergy malnutrition than anthropomorphic markers of nutri- Values are presented as median (range), number (%), or number. Jin Kim, et al. Albumin and postoperative morbidity tional status [23] . Protein-energy malnutrition is not necessarily accompanied by lower body weight and it may not be clinically knowable, but it is related to adverse surgical outcomes [24] . Hypoalbuminemia is related to poor tissue healing, impaired collagen synthesis in the surgical wounds or at the anastomotic sites [25, 26] , and compromised immune responses [27, 28] . These factors together could explain the higher risk of surgical site infections and anastomotic leakage, and remote infections such as pneumonia in hypoalbuminemic patients. In the present study, an inclination towards delayed recovery of postoperative bowel function has also been found in hypoalbuminemic patients. This may be because such patients develop more postoperative complications, and because hypoalbuminemia causes swelling and edema of the bowel [29] , resulting in paralytic ileus [30] . Prolonged postoperative hospitalization in hypoalbuminemic patients may result from higher rates of postoperative complication and delayed recovery of bowel function. Apropose of the treatment of preoperative hypoalbuminemia, no published studies have been able to show any benefit of intravenous albumin infusion on postoperative morbidity [31] . This may be due to the insufficient albumin replacement or increased leakage of synthetic albumin into the extravascular spaces [11] . Moreover, infused albumin will degrade rapidly and the underlying causes of adverse surgical outcomes were not corrected by infusion itself [32] . However, a recent randomized trial reported the perioperative supplement of diet was helpful to the outcomes in malnourished patients with gastrointestinal cancer [33] . This supports the growing consensus that enteral nutrition support may be the preferred approach [34] . Similarly, the American Society for Parenteral and Enteral Nutrition guidelines [35] and the European guidelines [36] recommend the enteral perioperative nutritional support in violently malnourished patients for 7 to 14 days preoperatively. Patients at a severe nutritional risk are defined as having at least one of the followings: weight loss more than 10% to 15% within 6 months, BMI less than 18.5 kg/m 2 , Subjective Global Assessment Grade C [37] , or serum albumin below 3 g/dL.
Given the high incidence of postoperative complications in hypoalbuminemic patients, these patients should either be nutritionally supported or be considered with alternative treatment strategies that delay a potentially complicated surgery. In ovarian cancer patients with large volume of carcinomatosis, which generally induces a high catabolic state and decreased oral intake secondary to nausea and bloating, enteral feeding difficulty is common. Primary debulking surgery in this population may lead to a high postoperative complication rate and a subsequent delay in installation of adjuvant chemotherapy, which affects the overall survival negatively [3] . Recent randomized trial has demonstrated the non-inferiority of neoadjuvant chemotherapy followed by interval debulking compared with primary debulking surgery [30] , and this approach is plausible in this high-risk population.
There are some limitations given its retrospective nature of study design. However, the present study is the one of the largest study to evaluate the potential role of hypoabluminemia in patients undergoing gynecologic cancer surgery. The number of subjects was sufficiently large to analyze the correlation between serum albumin level and postoperative morbidity and to compare the surgical outcomes of hypoalbuminemic and non-hypoalbuminemic patients. In addition, our study is meaningful in terms of the first study to target the Korean people because there can be difference of outcomes between races. Prospective validation study to determine which markers of nutrition are valid as well as the possible benefit of various preoperative nutritional strategies are required for future study.
In conclusion, the present study suggested that preoperative serum albumin level helps identify a high-risk of surgical population. This report addresses the importance of preoperative albumin levels as they may relate to a patient's nutritional status and disease state. Identification of this subgroup and preoperative optimization of nutritional status or using alternative treatment strategies may improve surgical outcomes in this population potential for complications after gynecologic cancer surgery.
